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(57) Ink stored in an ink tank 11 passes through a
supply path 12 and supply port 13 and fills a pressure
chamber 14. A piezoelectric actuator 15 vibrates a vi-
bration plate 17 by receiving a voltage from a driving
voltage control unit 16. The volume of the pressure
chamber 14 is changed by vibrating the vibration plate
17 to eject the ink in the pressure chamber 14 from a
nozzle 18 toward to the sheet 2. The diameter of the

nozzle 18 is set within the range of 20 to 40 um, and an
ink viscosity is set within the range of 2 to 6 mPa - s.
With these settings, a fine droplet having the total diam-
eter of 25 um or less can be stably ejected, thereby ob-
taining high quality image. In addition, a driving wave-
form voltage is corrected in accordance with the ambient
temperature detected by a temperature detection unit
19, and the ink viscosity is set within the range of 2 to
15 mPa - s, thereby keeping high image quality.
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Description
1. Technical Field

[0001] The present invention relates to an ink jet re-
cording head and ink jet recording apparatus and, more
particularly, to an ink jet recording head for recording
characters or an image on a sheet by generating a pres-
sure change in a pressure chamber filled with ink by us-
ing a pressure generation means, and ejecting an ink
droplet from a nozzle of the pressure chamber after add-
ing an operation for retracting a meniscus indicating an
ink surface of a nozzle opening deep inside the nozzle
immediately before the ejection to change a meniscus
shape into a concave shape, and an ink jet recording
apparatus having this ink jet recording head.

2. Background Art

[0002] An ink jet recording head of this type is used
for an ink jet recording apparatus used as a printer, plot-
ter, copying apparatus, facsimile apparatus, or the like.
[0003] Upon printing to a recording medium such as
a sheet, a pressure chamber having a nozzle for ejecting
ink is filled with ink, and a pressure chamber generation
means such as a piezoelectric actuator is driven to gen-
erate a pressure change in the pressure chamber. The
ink is ejected from the nozzle to the recording medium
such as a sheet by this pressure change, thereby print-
ing desired characters or a desired image.

[0004] Inrecentyears, a demand has arisen for print-
ing output quality. To meet this, stable ejection of an ink
droplet with the small diameter has been required. To
decrease an ejection ink droplet diameter, it is effective
to make a nozzle diameter small, but this poses prob-
lems such as the difficulty in manufacturing a nozzle and
the like.

[0005] To solve such problems, a means for ejecting
a fine droplet with the diameter smaller than a nozzle
diameter by adding a "pull" process to a driving wave-
form and changing a meniscus shape into a concave
shape immediately before the ejection is considered
and disclosed in, e.g., Japanese Patent Laid-Open No.
55-17589. Figs. 14A to 14C show ejection processes by
meniscus control. While no ejection is required, a state
shown in Fig. 14A has been kept. When the ejection is
required, first, an electrical pulse is applied to a piezo-
electric actuator so as to increase the internal volume
of a pressure chamber to change a meniscus shape into
a concave shape, as shown in Fig. 14B. Then, an elec-
trical pulse is applied to the piezoelectric actuator so as
to decrease the internal volume of the pressure cham-
ber to eject an ink droplet, as shown in Fig. 14C.
[0006] A method of changing an ejection ink droplet
diameter by changing a "pull" strength and timing is also

disclosed in Japanese Patent Laid-Open No.
59-143653.
[0007] According to this reference, there are provided
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an additional pulse voltage application means for apply-
ing to a nozzle an additional pulse voltage having a po-
larity opposite to that of a main pulse voltage to deter-
mine the front end position of a liquid before applying
the main pulse voltage, and an additional pulse voltage
regulation means for regulating a voltage level or width
of the additional pulse. In addition, there is also provided
a main pulse voltage application timing adjustment
means for adjusting a timing from the end of additional
pulse voltage application to the start of main pulse volt-
age application.

[0008] A method of stabilizing an ink droplet ejection
state by changing a "pull" strength in accordance with
the ambient temperature is also disclosed in Japanese
Patent Laid-Open No. 2-253960.

[0009] According to this reference, there are provided
a temperature measurement means for measuring an
ink temperature, and an additional pulse voltage regu-
lation means for regulating a voltage level or width of an
additional pulse in accordance with the measured tem-
perature.

[0010] In such an ink jet recording head, however, a
sufficiently fine droplet cannot be ejected, droplet for-
mation is very unstable, or an ejection failure occurs,
depending on the viscosity of ink to be used. Therefore,
high-quality printing can not be performed

[0011] Itis therefore an object of the present invention
to provide an ink jet recording head and ink jet recording
apparatus having the ink jet recording head, in which a
stable, fine droplet can be ejected in printing, and a print-
ing output can be performed with high quality.

3. Disclosure of Invention

[0012] An ink jet recording head according to the
present invention is an ink jet recording head for gener-
ating a pressure change in a pressure chamber filled
with ink by using pressure generation means, and eject-
ing an ink droplet from a nozzle of the pressure chamber
after adding an operation for retracting a meniscus deep
inside the nozzle immediately before the ejection to
change a meniscus shape into a concave shape, where-
in a viscosity of the ink within a temperature range in
which an apparatus is used is not less than 2 mPa - s.
[0013] Inthe presentinvention, the viscosity of the ink
within the temperature range in which the apparatus is
used is not more then 6 mPa - s.

[0014] In the present invention, a temperature detec-
tion unit for detecting ambient temperature is included,
a driving voltage generated by a driving voltage control
unit constructing the pressure generation means is cor-
rected in accordance with a change in the ambient tem-
perature detected by the temperature detection unit,
and the viscosity of the ink within the temperature range
in which the apparatus is used is not more than 15 mPa
- s.

[0015] Inthe presentinvention, a minimum total diam-
eter of the ink droplet is not more than 25 um.
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[0016] Inthe presentinvention, a diameter of the noz-
zle falls within the range of 20 to 40 um.

[0017] Inthe presentinvention, a driving voltage gen-
erated by the driving voltage control unit and used to
change the meniscus shape of the ink into the concave
shape is corrected in accordance with a viscosity
change in the ink depending on a change in the ambient
temperature.

[0018] Inthe presentinvention, a driving voltage gen-
erated by the driving voltage control unit and used to
change the meniscus shape of the ink into the concave
shape and a driving voltage generated by the driving
voltage control unit and used to eject the ink are correct-
ed in accordance with a viscosity change of the ink de-
pending on a change in the ambient temperature.
[0019] Inthe presentinvention, a driving voltage gen-
erated by the driving voltage control unit and used to
change the meniscus shape of the ink into the concave
shape and a driving voltage generated by the driving
voltage control unit and used to eject the ink are correct-
ed at the same magnification in accordance with a vis-
cosity change of the ink depending on a change in the
ambient temperature.

[0020] Inthe presentinvention, a driving voltage gen-
erated by the driving voltage control unit and used to
change the meniscus shape of the ink into the concave
shape does not exceed an offset voltage of a driving
waveform.

[0021] Anink jetrecording apparatus according to the
present invention is an ink jet recording apparatus for
printing by generating a pressure change in a pressure
chamber filled with ink by using pressure generation
means, and ejecting an ink droplet from a nozzle of the
pressure chamber after adding an operation for retract-
ing a meniscus deep inside the nozzle immediately be-
fore the ejection to change a meniscus shape into a con-
cave shape, wherein a viscosity of the ink within a tem-
perature range in which the apparatus is used is not less
than 2 mPa - s.

[0022] Intheinkjetrecording apparatus of the present
invention, the viscosity of the ink within the temperature
range in which the apparatus is used is not more then
6 mPa - s.

[0023] The ink jet recording apparatus of the present
invention, a temperature detection unit for detecting am-
bient temperature is included, a driving voltage gener-
ated by a driving voltage control unit constructing the
pressure generation'means is corrected in accordance
with a change in the ambient temperature detected by
the temperature detection unit, and the viscosity of the
ink within the temperature range in which the apparatus
is used is not more than 15 mPa - s.

[0024] Intheinkjetrecording apparatus of the present
invention, a driving voltage generated by the driving volt-
age control unit and used to change the meniscus shape
of the ink into the concave shape is corrected in accord-
ance with a viscosity change in the ink depending on a
change in the ambient temperature.
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[0025] Intheinkjetrecording apparatus of the present
invention, a driving voltage generated by the driving volt-
age control unitand used to change the meniscus shape
of the ink into the concave shape and a driving voltage
generated by the driving voltage control unit and used
to eject the ink are corrected in accordance with a vis-
cosity change of the ink depending on a change in the
ambient temperature.

[0026] Intheinkjetrecording apparatus of the present
invention, a driving voltage generated by the driving volt-
age control unit and used to change the meniscus shape
of the ink into the concave shape and a driving voltage
generated by the driving voltage control unit and used
to eject the ink are corrected at the same magnification
in accordance with a viscosity change of the ink depend-
ing on a change in the ambient temperature.

[0027] Intheinkjetrecording apparatus of the present
invention, a driving voltage generated by the driving volt-
age control unit and used to change the meniscus shape
of ink into the concave shape does not exceed an offset
voltage of a driving waveform.

4. Brief Description of Drawings
[0028]

Fig. 1 is a schematic view showing a section of an
ink jet recording apparatus according to the present
invention;

Fig. 2 is a block diagram showing an ink jet record-
ing head constructing the ink jet recording appara-
tus according to the first embodiment;

Fig. 3 is a view showing a driving waveform voltage
of the recording head according to the first embod-
iment;

Fig. 4 is a graph showing a change in total ejection
ink droplet diameter upon changing an ink viscosity;
Fig. 5 is a graph showing a change in ejection ink
droplet speed upon changing the ink viscosity;
Fig. 6 is a block diagram showing an ink jet record-
ing head constructing the ink jet recording appara-
tus according to the second embodiment;

Fig. 7 is a view showing a driving waveform voltage
of the recording head according to the second em-
bodiment;

Fig. 8 is a view showing a driving waveform voltage
correction method of the recording head according
to the second embodiment;

Fig. 9 is a graph showing a driving waveform volt-
age correction factor with respect to the ink viscos-
ity;

Fig. 10 is a graph showing a change in total ejection
ink droplet diameter after driving waveform voltage
correction;

Fig. 11 is a graph showing a change in ejection ink
droplet speed after driving waveform voltage cor-
rection;

Fig. 12 is a graph showing a change in total ejection
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ink droplet diameter after driving waveform voltage
correction when the ink viscosity is high;

Fig. 13 is a graph showing a change in ink viscosity
with respect to an ink temperature; and

Figs. 14A, 14B, and 14C are views showing ejection
processes by meniscus control.

5. Best Mode of Carrying Out the Invention

[0029] Embodiments of the present invention will be
described below with reference to the accompanying
drawings.

[0030] Fig. 1is a sectional view showing the arrange-
ment of an ink jet recording apparatus according to the
first embodiment of the present invention. An ink jet re-
cording apparatus is used as a printer, plotter, copying
apparatus, facsimile apparatus, or the like. The ink jet
recording apparatus shown in Fig. 1 is a printer and in-
cludes a sheet hopper 1, ink jet recording head 3, sheet
stacker 4, control unit 5, and interface unit 6.

[0031] The ink jet recording head 3 is attached to a
carrier (not shown). The ink jet recording head 3 scans
in a direction perpendicular to the convey direction of a
sheet 2. The sheet 2 is supplied from the sheet hopper
1, and desired characters and image are printed on the
sheet 2 by the ink jet recording head 3. The printed sheet
2 is then discharged to the sheet stacker 4. The control
unit 5 controls these operations. The interface unit 6 is
connected to a host apparatus such as a personal com-
puter to receive the signal from the host apparatus.
[0032] If the ink jet recording apparatus is a facsimile
apparatus, the interface unit 6 is connected to a com-
munication line, and the apparatus includes a scanner
for inputting an image to be transmitted.

[0033] If the ink jet recording apparatus is a copying
apparatus, the apparatus includes a scanner for input-
ting an image to be copied. The interface unit 6 may not
be required.

[0034] Fig. 2 is a block diagram showing the arrange-
ment of the ink jet recording head 3. Ink stored in an ink
tank 11 passes through a supply path 12 and supply port
13 and fills a pressure chamber 14. A piezoelectric ac-
tuator 15 vibrates a vibration plate 17 by receiving a volt-
age from a driving voltage control unit 16. When the vi-
bration plate 17 is vibrated, the volume of the pressure
chamber 14 changes, and the ink in the pressure cham-
ber 14 is ejected from a nozzle 18 toward to the sheet 2.
[0035] To obtain high image quality in the actual print-
ing, the diameter of an ink droplet ejected from a nozzle
need be decreased. Accordingly, the present inventors
conducted a recording experiment while changing the
ejected ink droplet diameter, and fifty persons per-
formed subjective evaluation aboutimage quality, there-
by obtaining the following conclusion as a result. To ob-
tain smooth image quality such that coarseness is not
noticeable even in a highlight (low density) portion
where the human conspicuously perceives coarse
grains, a total ejection ink droplet diameter need be set
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at 25 um or less. This means that a point at which the
human eye does not perceive coarse grains is close to
a total ejection ink droplet diameter of 25 um, and be-
comes an index when an ink jet recording head or ink
jet recording apparatus is designed. Note that, in the
present specification, a total ejection ink droplet diame-
ter is a converted diameter when the volume of a com-
bination of a main droplet and satellite (a fine particle
occurring around the main droplet) is regarded as a
sphere.

[0036] If a nozzle diameter is made to small, the total
diameter of a possible minimum ink droplet is set small.
However, the nozzle tends to clog caused by drying ink,
mixing dust, or the like, thereby degrading the reliability
of the ink jet recording head. Since manufacturing diffi-
culty increases so that manufacturing variation occurs
between nozzles, the ink droplet ejection speeds and
droplet diameters (main droplet diameter and satellite
diameter) vary between the nozzles or the ink jet record-
ing apparatuses at a high probability or rate. In addition,
if the nozzle diameter is made smaller while paying at-
tention to only the maximum ink droplet, the ejection of
the maximum ink droplet corresponding to the desired
resolution becomes difficult. Accordingly, the nozzle di-
ameter has a practical lower limit.

[0037] Note that, the natural period of a pressure
wave in the pressure chamber 14 in a state in which the
pressure chamber 14 is filled with the ink is set within
the range of 5 to 30 u sec, and most preferably, within
the range of 5 to 20 u sec. To stably eject the small ink
droplet, the natural period is preferably decreased, how-
ever, a decrease in natural period makes it difficult to
eject the large ink droplet. For this reason, the natural
period of the pressure wave in the pressure chamber 14
is setin the range described above, thereby ejecting the
small to large droplets with good balance.

[0038] A decrease in thickness of the vibration plate
17 improves an efficiency of conversion from the driving
energy to a pressure. Since, however, the thin vibration
plate 17 is difficult to manufacture, its thickness is pref-
erably set within the range of 10 to 50 um.

[0039] The piezoelectric actuator 15 has about ten
layers each having an inner electrode formed on a pie-
zoelectric material having a predetermined thickness
and stacked. The thickness of the piezoelectric material
layer is decided in accordance with a driving voltage ap-
plied from a driving power source. When the driving volt-
age is about 40V, the thickness of one layer is preferably
set at about 40 u m.

[0040] If the ejection is performed only a "push" proc-
ess without adding a "pull" process to the driving wave-
form, the total diameter of a possible minimum ink drop-
let can be decreased at most to a size equal to that of
the nozzle diameter. To eject the ink droplet having the
diameter smaller than that of the nozzle, the "pull" proc-
ess need be added to the driving waveform.

[0041] Fig. 3 is a view showing a driving waveform
voltage input to a piezoelectric actuator. A meniscus
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shape is changed into a concave shape at the pull por-
tion of (), and the ink droplet is ejected by applying an
ejection energy shown at the push portion of @at a pre-
determined timing. A fine droplet having a size smaller
than that of the nozzle diameter can be ejected by me-
niscus control in which the "pull" and "push" processes
are performed.

[0042] As described above, particularly in dot gray-
tone recording (droplet diameter modulation), the range
in which the ejection ink droplet diameter can be
changed can be widened, and as needed, the driving
waveform added with the "pull" process is used. Accord-
ingly, a dot diameter is modulated in the multiple levels
ranging from a fine droplet having a diameter smaller
than that of the nozzle to a large droplet generating no
gap between dots upon solid-printing, thereby imple-
menting graytone printing in a wide density range. In the
driving added with the "pull" process, however, the di-
ameter of a nozzle to be used also has an upper limit to
satisfy the restriction on the minimum ink droplet setting,
in which the total droplet diameter is set at 25 um or less.
[0043] The presentinventors manufactured a record-
ing head whose nozzle was changed between the 10
um to 60 um and conducted an ink droplet ejection ex-
periment. The present inventors examined the manu-
facturing reliability described above and stability of ink
jet recording head performance, and the restriction on
the minimum ink droplet described above. As a result,
it was obvious that an appropriate nozzle diameter sat-
isfying these conditions fell within the range of 20 um to
40 um.

[0044] In this meniscus control, ejection characteris-
tics (a droplet diameter and droplet speed) are changed
depending on a retraction amount of a meniscus imme-
diately before the ejection. Thus, when the meniscus
control is performed, it becomes sensitive to various var-
iation factors as compared with that in the ordinary ejec-
tion without using the "pull" process. In addition, since
the meniscus is vibrated before the "push" process is
added to eject an ink droplet, it is difficult to decide the
retraction amount of the meniscus in a single nozzle due
to influences of ejection hysteresis of the previous dot,
crosstalk, use environment, and the like. As a result, the
ejection ink droplet is susceptible to variation.

[0045] The present inventors pay attention to an ink
viscosity change that is considered as a large variation
factor for the retraction amount of the meniscus. The ink
viscosity is greatly varied with respect to the ambient
temperature such as an environmental temperature in
which the apparatus is installed or a temperature in the
apparatus. As shown in Fig. 13, for example, when the
ink temperature raises from 5°C to 40°C, the ink viscos-
ity decreases from 5.5 mPa - sto 1,5 mPa - s.

[0046] The present inventors examined first specific
influences of various types of phenomena occurring at
near the nozzle on the ink viscosity change, and con-
firmed the following facts. Since the ink fluidity becomes
high upon decreasing the ink viscosity, an action on the
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meniscus surface becomes unstable stepwisely. In par-
ticularly, when the ink viscosity becomes less than 2
mPa - s, the influence in droplet formation becomes con-
spicuous. In this state, not only the diameters of the main
droplet and satellite and the speed of them become un-
stable, but the abnormally ejected satellite attaches to
a nozzle plate to cause an ejection failure. In some cas-
es, the unstable state stops ejection. In addition to this,
in the range of the ink viscosity of 2 mPa - s or less, the
difference in formation of ink droplets between nozzles
increases beyond an allowable range because even a
small manufacturing error of each nozzle tends to be
reflected. Further, a deviation in ejection direction of an
ink droplet caused by remaining ink on an edge of a noz-
zle, and a bubble retracted inside the nozzle after the
ink droplet ejection become conspicuous.

[0047] The present inventors further examined influ-
ences on the ejection characteristics with respect to the
ink viscosity change. Fig. 4 is a graph showing a change
in total ejection droplet diameter when an ink viscosity
is changed, and Fig. 5 is a graph showing a change in
ejected ink droplet speed when the ink viscosity is
changed. Referring to Figs. 4 and 5, upon increasing the
ink viscosity, the total droplet diameter decreases, the
main droplet speed decreases, and the satellite speed
increases. At the point where the magnitudes of the
main droplet speed and satellite speed cross each other,
the ink viscosity is 2 mPa - s. If the ink viscosity is this
value or less, the main droplet and satellite are not com-
bined and kept separated from each other until landing
on a sheet, thereby causing image quality degradation.
From the reasons described above, the viscosity of ink
to be used need have the lower limit of 2 mPa - s.
[0048] On the other hand, when the ink viscosity be-
comes high, the total droplet diameter and main droplet
speed decrease, as described above, color tone be-
comes unbalance, and linearity of a dot array degrades.
It has been obvious from the aforementioned examina-
tion that this causes image quality degradation. Accord-
ing to the result of another experiment conducted by the
present inventors with respect to the relationship be-
tween the ejection characteristics and landing precision,
the minimum main droplet speed required to obtain a
sufficiently landing precision in the fine droplet ejection
is 4 m/s. In addition to this, to keep the image quality by
obtaining uniform dot diameters, the viscosity of ink to
be used need have the upper limit of 6 mPa - s, as de-
scribed in Fig. 5.

[0049] As has been described above, the ink viscosity
within the temperature range in which the apparatus is
used is obviously set within the range of 2 to 6 mPa - s,
thereby stably ejecting a fine droplet with the total drop-
let diameter of as small as 25 um or less.

[0050] As a method of adjusting the ink viscosity, a
viscosity modifier is generally added to ink. As the vis-
cosity maodifier, a polyvalent alcohol compound is fre-
quently used. Of the polyvalent alcohol compounds, pol-
yethylene glycol (the molecular weight of 200 to 800) is
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very effective as the viscosity modifier because polyeth-
ylene glycol does not affect physical properties (surfac-
es tension, density, pH, and the like) excepting for the
viscosity and arbitrarily adjusts only the viscosity. The
content of the viscosity modifier to be added is changed
depending on a solvent of ink or the other additives,
however, the viscosity modifier is generally added in an
amount of about 0.1 to 10% with respect to the ink
amount.

[0051] The second embodiment of the present inven-
tion will be described below. The second embodiment
is different from the first embodiment in the arrangement
ofthe ink jet recording head and a driving voltage control
scheme.

[0052] Fig. 6 is a block diagram showing an arrange-
ment of an ink jet recording head according to the sec-
ond embodiment, in which a temperature detection unit
19 is included in addition to the arrangement of the ink
jet recording head according to the first embodiment
shown in Fig. 2.

[0053] Fig. 7 is a view showing a driving waveform
voltage input to a piezoelectric actuator. Excepting for
the ejection operation time, an offset voltage VO is kept
applied to the piezoelectric actuator. Reference symbol
V1 denotes a "pull" voltage; and V2, a "push" voltage.
Reference symbols tl to t6 denote the times. If the value
of V1 is set large in addition to the VO, a portion at which
the driving waveform voltage shifts from positive to neg-
ative voltages is formed. When the piezoelectric actua-
tor is driven under this condition, a polarized state of the
piezoelectric actuator is inversed. This causes a phe-
nomenon in which the displacement of the piezoelectric
actuator is greatly decreased in the subsequently driv-
ing. In addition, the cost of a power source for driving
the ink jet recording head increases because both pos-
itive and negative voltages are required. Thus, the value
of V1 is preferably set without exceeding the value of VO.
[0054] Upon setting the ink viscosity at 3.5 mPa - s,
VO=10V,V1=6V,V2=8V,t1=3 s, t2=5ps,t3=2
us, t4 =2 us, t5 = 2 us, and t6 = 2 ps. In this setting, a
fine droplet having the total droplet diameter of 20 um
or less, which is smaller than that shown in the first em-
bodiment, can be stably ejected, thereby obtaining high-
er image quality.

[0055] As described in the first embodiment by using
Figs. 4 and 5, when an ink viscosity is changed upon
changing the ambient temperature, the ejection charac-
teristics are changed. To suppress this change, correc-
tion is performed by simultaneously increasing or de-
creasing the driving voltages V1 and V2, as shown in
Fig. 8, in accordance with the ambient temperature
change detected by the temperature detection unit 19.
As a result of obtaining a correction factor in an experi-
ment conducted by the present inventors such that a
main droplet speed becomes constant, the correction
factor for the ink viscosity shown in Fig. 9 was obtained.
The inventors also corrected the V1 and V2 in accord-
ance with the correction factor curve shown in Fig. 9 at
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the same magpnification, thereby obtaining ejection char-
acteristics such as a predetermined or smaller total
droplet diameter shown in Fig. 10, and a constant main
droplet speed shown in Fig. 11.

[0056] As is obvious from the comparison between
Figs. 5 and 11, even after the driving waveform voltage
is corrected, a point at which the relationship in magni-
tude between the main droplet speed and satellite
speed is reversed with respect to the ink viscosity
change corresponds to the ink viscosity of 2 mPa - s.
Accordingly, even after the driving waveform voltage is
corrected, the lower limit of the viscosity of ink to be used
is 2 mPa - s. Accordingly, even after the driving wave-
form voltage correction, the lower limit of the viscosity
of ink to be used is also 2 mPa - s.

[0057] On the other hand, the inspection is performed
at a portion where the ink viscosity is high. When the ink
viscosity is increased while changing the correction fac-
tor such that the main droplet speed becomes constant,
as shown in Fig. 12, the total droplet diameter tends to
slightly decrease. This means that a thinner liquid col-
umn is produced by increasing the curvature of the cen-
tral portion of a meniscus with an increase in ink viscos-
ity.

[0058] After that, when the ink viscosity is further in-
creased, the total droplet diameter discontinuously in-
creases at a point where the ink viscosity is 15 mPa - s.
In anink viscosity exceeding 15 mPa - s, the total droplet
diameter also increases upon increasing the ink viscos-
ity. This is because a second satellite is undesirably giv-
en the energy enough to be ejected from the nozzle by
increasing the correction factor upon increasing the ink
viscosity, i.e., by increasing the driving waveform volt-
age. The second satellite is mainly produced by a pres-
sure wave reaction and has a droplet speed very slower
than that of the main droplet or a first satellite, and a
diameter larger than that of the main droplet or a first
satellite. The second satellite production thus greatly
degrades image quality. Accordingly, the upper limit of
the viscosity of ink to be used is 15 mPa - s.

[0059] As described above, when the driving wave-
form voltage is corrected, the ink viscosity within the
temperature range in which the apparatus is used is set
within the range of 2 to 15 mPa - s. With this setting,
even a fine droplet such as a droplet having a total drop-
let diameter of 25 um or less can be stably ejected with
the constant droplet speed and predetermined or small-
er total droplet diameter.

6. Industrial Applicability

[0060] As has been described above, in the ink jet re-
cording head and ink jet recording apparatus according
to the present invention, the ink viscosity within the tem-
perature range in which the apparatus is used is set
within the range of 2 to 6 mPa-s. In addition, when the
driving waveform voltage is to be corrected in accord-
ance with the ambient temperature, the ink viscosity
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within the temperature range in which the apparatus is
used is set within the range of 2 to 15 mPa - s. With both
settings, the fine droplet with the total droplet diameter
of 25 um or less can be stably ejected. As a result, a
printing output with high quality can be obtained, and, if
the presentinvention is applied to a printer, plotter, cop-
ying apparatus, facsimile apparatus, or the like, a high-
quality image and characters can be printed thereby.

Claims

1. Aninkjetrecording head characterized by compris-
ing:

a pressure chamber having a nozzle and filled
with ink; and

pressure generation means for generating a
pressure change in said pressure chamber to
eject an ink droplet from the nozzle,

wherein said pressure generation means so
controls as to retract a meniscus indicating an
ink liquid surface of a nozzle opening deep in-
side the nozzle and change a meniscus shape
into a concave shape before ejecting the ink
droplet from the nozzle, and then ejects the ink
droplet from the nozzle, and

a viscosity of the ink within a temperature range
in which an apparatus is used is not less than
2mPa - s.

2. Aninkjetrecording head according to claim 1, char-
acterized in that
the viscosity of the ink within the temperature
range in which the apparatus is used is not more
then 6 mPa - s.

3. Aninkjetrecording head according to claim 1, char-
acterized in that

said pressure generation means includes

a driving voltage control unit for generating a
driving voltage,

a vibration plate bonding to said said pressure
chamber to change a volume of said pressure
chamber on the basis of a vibration, and

an actuator for vibrating said vibration plate up-
on receiving the driving voltage.

4. Aninkjetrecording head according to claim 3, char-
acterized in that

said head comprises

a temperature detection unit for detecting am-
bient temperature, and

means for correcting the driving voltage gener-
ated by said driving voltage control unit in ac-
cordance with a change in the ambient temper-
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10.

11.

ature detected by said temperature detection
unit, and

the viscosity of the ink within the temperature
range in which the apparatus is used is not
more than 15 mPa - s.

Anink jet recording head according to claim 1, char-
acterized in that

a minimum total diameter of the ink droplet is
not more than 25 um.

Anink jet recording head according to claim 1, char-
acterized in that

a diameter of the nozzle falls within the range
of 20 to 40 um.

Anink jet recording head according to claim 4, char-
acterized in that

a driving voltage generated by said driving
voltage control unit and used to change the menis-
cus shape of the ink into the concave shape is cor-
rected in accordance with a viscosity change in the
ink depending on the change in the ambient tem-
perature.

Anink jet recording head according to claim 4, char-
acterized in that

a driving voltage generated by said driving
voltage control unit and used to change the menis-
cus shape of the ink into the concave shape and a
driving voltage generated by said driving voltage
control unit and used to eject the ink are corrected
in accordance with a viscosity change of the ink de-
pending on the change in the ambient temperature.

Anink jet recording head according to claim 4, char-
acterized in that

a driving voltage generated by said driving
voltage control unit and used to change the menis-
cus shape of the ink into the concave shape and a
driving voltage generated by said driving voltage
control unit and used to eject the ink are corrected
at the same magnification in accordance with a vis-
cosity change of the ink depending on the change
in the ambient temperature.

Anink jet recording head according to claim 4, char-
acterized in that

a driving voltage generated by said driving
voltage control unit and used to change the menis-
cus shape of the ink into the concave shape does
not exceed an offset voltage of a driving waveform.

An ink jet recording apparatus characterized by
comprising an ink jet recording head constructed of
a pressure chamber having a nozzle and filled with
ink, and pressure generation means for generating
a pressure change in the pressure chamber to eject
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15.
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17.
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an ink droplet from the nozzle, the pressure gener-
ation means so controlling as to retract a meniscus
indicating an ink liquid surface of a nozzle opening
deep inside the nozzle, changing a meniscus shape
into a concave shape, before ejecting the ink droplet
from the nozzle, and then ejecting the ink droplet
from the nozzle,

wherein a viscosity of the ink within a temper-
ature range in which said apparatus is used is not
less than 2 mPa s.

An ink jet recording apparatus according to claim
11, characterized in that

the viscosity of the ink within the temperature
range in which said apparatus is used is not more
then 6 mPa - s.

An ink jet recording apparatus according to claim
11, characterized in that

the pressure generation means includes

a driving voltage control unit for generating a
driving voltage,

a vibration plate, bonding to the the pressure
chamber, for changing a volume of the pressure
chamber on the basis of a vibration, and

an actuator for vibrating the vibration plate up-
on applying the driving voltage.

An ink jet recording apparatus according to claim
13, characterized in that

said apparatus comprises

a temperature detection unit for detecting am-
bient temperature, and

means for correcting the driving voltage gener-
ated by the driving voltage control unit in ac-
cordance with a change in the ambient temper-
ature detected by said temperature detection
unit, and

the viscosity of the ink within the temperature
range in which said apparatus is used is not
more than 15 mPa - s.

An ink jet recording apparatus according to claim
11, characterized in that

a minimum total diameter of the ink droplet is
not more than 25 um.

An ink jet recording apparatus according to claim
11, characterized in that

a diameter of the nozzle falls within the range
of 20 to 40 um.

An ink jet recording apparatus according to claim
14, characterized in that

adriving voltage generated by the driving volt-
age control unit and used to change the meniscus
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shape of the ink into the concave shape is corrected
in accordance with a viscosity change in the ink de-
pending on the change in the ambient temperature.

18. An ink jet recording apparatus according to claim

14, characterized in that

adriving voltage generated by the driving volt-
age control unit and used to change the meniscus
shape of the ink into the concave shape and a driv-
ing voltage generated by the driving voltage control
unit and used to eject the ink are corrected in ac-
cordance with a viscosity change of the ink depend-
ing on the change in the ambient temperature.

19. An ink jet recording apparatus according to claim

14, characterized in that

adriving voltage generated by the driving volt-
age control unit and used to change the meniscus
shape of the ink into the concave shape and a driv-
ing voltage generated by the driving voltage control
unit and used to eject the ink are corrected at the
same maghnification in accordance with a viscosity
change of the ink depending on the change in the
ambient temperature.

20. An ink jet recording apparatus according to claim

14, characterized in that

adriving voltage generated by the driving volt-
age control unit and used to change the meniscus
shape of the ink into the concave shape does not
exceed an offset voltage of a driving waveform.
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